Abstract-A method is presented for the automatic identification of lost or undiscovered archaeological sites in Egypt by using shape detection techniques on satellite imagery superposed in a GIS environment. For an area of interest, the EO data available from various satellites is pre-processed and from historical plans a shape file of the archaeological structure of interest is produced. A shape detection algorithm employing a shape matched operator is applied to the EO image to produce a detection image identifying the most probable location of the archaeological structure of interest. The shape-matched operator employed is the derivative of double exponential (DODE) operator. The final product is a GIS data set assembled as a list of required features and layers, all converted and processed in the same Geographical Reference System.
The approach for selecting EO data has been to include all data that could contribute to the location of ancient structures below sand. It has previously been demonstrated that L band and C band radar has ground penetrating ability in dry sand in particular. Consequently, the use of L band synthetic aperture radar (SAR) images generated by JERS1 and the C band SAR images of ERS1, ERS2 The End-user is responsible for identifying and procuring historical data relating to the areas of interest. The Serapeum complex at Saqqara is of particular interest, having been rediscovered by the French archaeologist A. E. Mariette in 1850. Historical drawings of the complex are shown in Fig. 1 and Fig. 2 .
Where available, the historical archives have been supplemented with drawings of more recent excavations as in Fig. 3 . In order to detect a 2D shape, the intensity differential at the shape boundary is exploited. The intensity change at the shape edge is usually represented as a step edge. Having identified pixels which have high intensity gradients, the pixels should then be examined to determine whether they form the boundary of the shape in question. A variety of methods exist for collecting these intensity changes into a shape description. If the decision as to whether a pixel is part of the shape is based upon the local gradient only then errors due to noise can be introduced. A true pixel boundary with an intensity gradient corrupted by noise may well be discarded by the threshold used in the edge detection. Instead, an optimal operator can be defined which overcomes this problem by also including responses in the immediate vicinity of the step edge. The step expansion filter (SEF) is derived as an optimal step edge filter. The SEF is the derivative of the double exponential (DODE) filter derived by [1] . The criterion used by [1] is to minimize the sum of the noise power and the mean squared error between input and output. The shape matched operator is defined by extending the optimal edge operator along the shape boundary. The The optimal edge operator is the piecewise derivative h' of the smoothing operator by the following relation in Eq. 1.
(h *I) = h *I
The optimal step edge operator is used in this application and shown in Figure 5 . The shape detection process is described in more detail in section 3. The shape file is a TIFF file consisting of the shape of the architectural structure to be searched for, typically derived from an historical drawing. Edge refinement and enhancement is performed as required and the image is converted to black and white to simplify subsequent processing. An algorithm then detects the shape boundary and a rising edge boundary is represented by the pixel pair (1, -1) and a falling edge boundary by the pixel pair (-1, 1). All other pixel values are set to zero. A smoothing operator as shown in Fig. 5 is applied to the rows and columns of the resulting shape boundary matrix. Consequently, the step edges are expanded according to the optimal edge operator and the resulting matrix represents the optimal shape matched operator. The results of the individual convolutions are combined and the maximum values identified, corresponding to the most probable locations of the archaeological structure of interest. The positions of the maxim, within a certain range of the maximum defined by the sensitivity level parameter in an associated XML file, are stored in a data file and are highlighted in a corresponding detection TIFF file which is integrated as a layer in the GIS system of the End-user.
IV.RESULTS
The application was initially tested for shape recognition performance with an archaeological structure that was clearly visible in an Ikonos optical image which could therefore be readily validated. The structure encircled in Fig. 8 was chosen as the shape of interest and from this the corresponding shape file of Fig. 9 was produced where the size and orientation of the shape was known. The EO file was an Ikonos image of the FayoumMedinet Madi region. The EO image can be seen in Fig. 10 as part of an ArcGIS dataset with the archaeological drawing superimposed on the EO image. Applying the detection algorithm on the image generates a detection layer where the region producing the maximum response to the shape matched operator is highlighted in yellow.
Responses with values lying within a specified range of the maximum are highlighted in red. The shape detection layer is integrated into the GIS dataset and superimposed on the corresponding layers. Fig. 11 shows an enlarged area of the detection layer in the GIS dataset with the structure searched for having been correctly located and highlighted with a yellow square.
Four different application scenarios was defined as follows: Scenario 1 An imprecise historical map indicating the form and position of objects exists and the location of the objects is known with good approximation. Scenario 2 A precise historical map indicating the form and position of objects exists, and the location of the objects is know with bad approximation. Scenario 3 No map is available about possibile underground objects, but an understanding exists that in a given location objects may be present underground. Scenario 4 Two images of the same zone, taken in different times and compatible for the subsequent analysis, are compared to verify the presence of new excavations or work sites in a selected area. A more representative test is shown in Fig. 11 to Fig. 14 which covers the Medinet Madi site. A drawing of the archaeological structures in the region of interest is shown in Fig. 11 with the test archaeological structure to be searched for, circled. From the detailed drawing a simple shape file, Fig. 12 is produced to provide the input to the application along with the EO image.
The use of optical data and selection of a visible archaeological structure enables the result of the shape detection process to be readily validated. A drawing of the archaeological structures in the region of interest is shown in Fig. 12 with the archaeological structure to be searched for, circled. From the detailed drawing a simple shape file, Fig. 13 is produced as input to the application along with the EO image.
Of particular interest to the End-user in the Saqqara area is the Serapeum complex, a gallery of tombs cut from rock and serving as the burial place of the sacred Apis bull. The Serapeum complex is approximately located in the centre of Fig. 12 . This was rediscovered in more recent times by the French archaeologist A. E. Mariette during excavations in 1851. Further excavations by Mariette revealed the Dromos, the ceremonial approach to the Serapeum as illustrated in Fig.  2 . With a few exceptions like the semicircular arrangement of statues known as the Philosophers' Circle, the area is now buried under sand again.
For validation, the semicircular structure was searched for using the shape file of Fig. 13 in the region Applying the shape detection algorithm correctly identifies the structure as seen in the enlarged area of the detection layer in Fig. 15 . Using the detected Philosophers' Circle structure, the location of the Serapeum can be seen by superimposing the drawing of Fig. 3 made from previous excavations, as seen in Fig. 16 . Applying the shape detection application to the image in Fig. 17 using the shape defined by Fig. 18 produces the shape detection result layer shown in Fig. 19 . The application has uniquely identified a region which corresponds to the region of the Serapeum complex. From existing knowledge of the size and shape of structures at the Serapeum complex as shown in Fig. 3 , a simplified shape file can be produced, Fig. 18 . V.CONCLUSION An application has been presented for the automatic detection of 2D shapes using a shape matched operator. The application has been developed to fulfil a service requirement of an End-user of EO data. Specifically, the application has been developed to identify lost or undiscovered archaeological structures in Egypt. The approach used involves using historical cartographic data to provide shape information in order to automatically define a shape matched operator. The shape matched operator is applied to appropriate EO images and the results of the shape detection are integrated into the GIS framework of the End-user. The application has been developed in C++.
